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"Crashing” a Froject Schedule

—— shortening the duration of a project by
shortening the durations of one or more tasks

——additional cost 15 incurred for assigning
extra resources (capital, men, materials, etc.)
in order to lower the task durations
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Example Consider a project with & activities

Mormal Crash Crashing

time time Cost ($/day)
(days) (days)

predecessor

Activity activities

TOTMMOO D@

}.

e
t.n:.n::n:.n.hm:.na'
N N SV T Y I N Ny
I R TR T SN RN
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Example

suppose that overhead costs of the project
are $5/day

what 15 the optimal duration of the project?
(i.e., minimizing the sum of overhead and
crashing costs)

page
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/5 Baere g fower—cost

-El:i!"é"ll'_.j JP;{;W..‘WEE .l.l-l::_!

5fﬁ95@ﬁ9$53@?&ﬁfﬁe55%

8/21/00

page

NO-CRASH
SCHEDULE

Duration: 25 days

Cost:
overhead §125
crashing § O
total $125

MAX-CRASH
SCHEDULE

Duration: 17 days

Cost;

overhead § &5
crashing § 47
total 1132
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NO-CRASH |
SCHEDULE |

¥o——® Duration: 25 days

G Cost:

overhead $125
crashing § 0
total $125

MAX-CRASH |

SCHEDULE

Duration: 1/ days
Cost:
overhead § 85
crashing § 47
total $132

i iere g lower-cost |
5fﬁ95@ﬁ9$53@?&ﬁfﬁ&5&%
fwo eyviremests :
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LF *Model
Recall the LF formulation of the critical path
problem:

decision arvahies: Yy = starting time for activity |
CORSEETES: di = duration of activity |

For the "crashing” problem, the reduction R;in

the duration of activity 11s a decision variable as
O <Ry ¢ dj- dj
d; = normal duration

di = minimum duration

well, wilh
where
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8/21/00 page 8

The previous precedence constraints were of the
form

i is predecessor of | &= Y=z Y+ d

The new precedence constraints are of the
form

I 15 predecessor of | —= Y,z Y;+ (d; - Ry)

1.e., “1“’]-—“1“’1+R1::E1-

where 0= Ry = d; - d;
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8/21/00

4RA+2RE+2RC+3RD+3RE+5RF+RG+4RH
Y wralion of proect

MR
+ 5 COMPLETE
SUBJECT TO
2] YO - YE
3 YO = YA
4] YO - Y0
5] YE - YA
f) YE - %C
7l YE = %D
) Yo - ¥E
Q) YH - YF
10] YH - ¥
11) COMPLETE - %H

EMD

RB
RA
RC
RA
RC
RD
+ RE
+RF
+RG
+ RH

+ + + + + +

Example
LINDOC |
output

page
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In addition, we specify " Simple Upper Bounds™:

SUB
SUE
SUE
SUB
SUB
SUB
SUB
SUE

F.A,
FE
F.C
F.D
FE
F.F
R.i5
F.H

.00
1.0
1.0
1.00
200
.00
3.00
1.0

Sirmnle Linper Sovnds sre
fresied mone ericient i)
e £ GEEE By SO roenad
FOWS WL TS5 ConsirEints
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8/21/00

OBJECTIVE FUNCTION % ALLIE

1) 121.000000
YARIABLE  WALUE
R4, 2.0000
FE (0.0000
R.C 0.0000
F.O 1.0000
FE 0.0000
F.F 0.0000
F.is 1.0000
F.H 1.0000
»

REDUCED COST

0.0000
1.0000
1.0000
-1.0000
2.0000
1.0000
0.0000
-1.0000

Amrounis by
wihirch aclivifies
e fo be
“crasfied”

page 11
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safutron corfinved:

YAaRIABLE

Y A
¥ B
¥
¥
YE
YF

j{E
H

COMFLETE

YALLUE

0.0000
0.0000
20000
8.0000
&.0000
11.0000

1.5.0000
170000

21.0000

8/21/00

REDUCED COST

4.0000
1.0000
0.0000
0.0000
0.0000
00000

0.0000
0.0000

0.0000

camplefion
frmes of the
Fctivities

page 12
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salution, cornfinded:

ROW  SLACK OR SURPLUS  DUAL PRICES

2) 0.0000 —1.0000
3) 0.0000 —4.0000
4) 0.0000 0.0000
5] 0.0000 0.0000
5] 0.0000 -1.0000
7] 0.0000 -4.0000
8) 0.0000 —1.0000
9) 0.0000 —4.0000
0] 0.0000 -1.0000
1)

—_—

0.0000 -5.0000
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Cptimal Solution guration: 27

S T Corashed” diirations

3
= F

2]
H z
/@) E
T 4
G 4

Mo activity has any slack... all of them lie
on a critical path (of which there are four!)

page 14
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Parametric Programming Approach

By using parametric programming on the
right-hand-side, we can plot the project
cost (overhead + crashing costs) vs. the
project duration,
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MY

SUBJECT TO
21 ¥C
31 vD
4) v¥D
) YE
Bl ¥YE
7l YF
8] ¥G
Q) YH
10} ¥H

EMD

8/21/00

page 16

dRA+2RE+2RC+3RD+3RE+SRF+RG+4RH
+ > COMPLETE

- ¥B
- YA
- ¥C
- YA
- ¥
- YD
- YE
- ¥F
- Y3

F.B
F.A,
R.C
.4,
F.C
F.D
+ RE
+ RF
+ Ris

+ + + + + t

=

Sa e Y, RN Y g P

11) COMFLETE-YH +RH »=

12]

COMFLETE =

25

g

We add row (12|
VRIS L El )
5815 o iect
comnielion Lime
Laual fo fhe

SO —CTES e
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SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB

R4,
RE
R
R.D
RE
RF
R.i5
FH

.00
1.00
1.00
1.00
2.00
3.00
.00
1.00

8/21/00

Sumple Linper Soungs
G Phe redictions i |
FOEINTE N G FEIOnS

page 17
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PARARHS Wi sigrl the paramelric #ralesis,
ROW:12

sl 7 ey — —c e P
NEW RHS VAL= g | PR rom {/f_./}j‘ fu.z;rm‘j 737 IEF-*.?P e
be decregsed from 25 Lo O agls

VAR YaAR  PIVOT RHS DUAL PRICE QB

auT I RO WAL EEFORE PIVOT WAL

25.00 -5.000 125,00
sLE 11 RD 11 25.00 -5.000 125.00
SLE & SLK 4 & 25.00 -2.000 125.00
SLE 5 RA = 25.00 -2.000 125.00
SLK 2 RG 2 2300 -1.000 123.00
F.O FH 11 22.00 -1.000 122.00
F.H SLKS 11 21.00 -1.000 121.00
SLK 4 RB & 21.00 000 121.00
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YaAR YAR O RIVOT FHS DUAL PRICE
auT N RO WAL BEEFORE PIVOT
F.A, F.F = 20.00 1.000
.5 SLE 4 2 1600 1.000
RE R.C & 18.00 2.000
Lk S RE = 1£.00 2,000
FF ART Q 17.00 2000
00 HIMFIMITY

wWhen EHS is reduced to 17, an artificial
variable enters the basis. Further
reduction is infeasible (would make
artificial wariable positivel)

page 19

0B
WAL

12200
124.00
124.00
124.00
127.00

INFEASIBLE
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cost (%)

122

126

124

122

120

8/21/00

completion time (days)

26

page 20

Using the output
of parametric
analysis, we can
plot the objective
V5. the project
duration!
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Cther Fossible Cbhjectives

® Minimize cost of crashing to meet a
project deadline T

Minimize 2 CiR;

subject Lo:
the usual precedence constraints

ads additional constraint:
Yena ~ k\ffl:uegin =T

page 21
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Cther Fossible Cbhjectives

¢ Minimize project duration, with a given
budget B awvailable for crashing costs

Minimize Yeng = Ybegin
subject Lo:

the usual precedence constraints
aa0s additional constraint:

21C1R1£B

£ ThHe Budgel " ma be resources other than £/

Ka



